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ABSTRACT
Behavior of sterility was studied in F], Fp and
generations of a cross between two varieties of cultivated
rice, Qryza sativa. The percentage of stainable pollen
and percentage of florets setting seed were used as
measures of fertility.
The mean percentages of stainable pollen for the two
parents were 96.1 and 97.7 percent. There was very little
variation among plants of the parents in this measure of
fertility.

The F^ was highly sterile, with only 12.2 per

cent stainable pollen.

The Fp ranged from 2 to 99 percent

in pollen stainability of plants, with a mean of 79.7
percent.

More than 60 percent of the Fp plants had more

than SO percent of stainable pollen and the mode was the
91-100 percent class.

There was no evidence of .more than

one mode, and no detectable ratio occurred for pollen
stainability in Ip.

The means of 71 F^ lines ranged con

tinuously from a low of 35*5 to a high of 92.9 percent
stainable pollen.

Also many F^ lines exhibited the same

complete range among plants as found in the F9 population.
No line with a mean of stainable pollen as low as the Fp
was obtained,
that of the F^.

However, several lines had means lower than
In addition, a small proportion of the

F^ lines behaved like the Fp, and several lines appeared
to be homozygous for normal fertility.
vi

There was no association between pollen stainability
of the Fp plants and the mean pollen stainability of the F^
lines derived from them,

A negative relationship existed

between the means of the F^ lines and their coefficients
of variation.

None of the partially sterile lines bred

true and each of the lines, even the most sterile, had one
or more plants with normal pollen stainability.
In both years of the tests the parents showed high
variation in percent seed setting due to environment,
with some plants completely or highly sterile in both
seasons.

The parents averaged only about 50 percent seed

setting in 1956 and 80 percent in 1957-

The mean seed

setting of the Fp was 26.7 percent when grown in Crowley,
Louisiana in 1955*

The Fp plants had a continuous range

in seed setting from 0 to 90 percent, with a mean of 37*9 .
Because of the strong environmental influence, no conclusion
could be drawn from the F-> seed setting data.

The means of

F-^ lines ranged continuously from about 25 to above o0 per
cent in seed setting.

The more sterile lines had very high

coefficients of variation.

Apparently none of the partially

sterile lines bred true for seed setting.

All lines con

tained one or more highly fertile plants.

Some of the lines

appeared to be homoaygous for normal fertility.
A significant correlation coefficient of 0.39 was
found between pollen stainability and seed setting among
the means of F^ lines, indicating an association but not
a close relationship.

However, close examination revealed

that for all except about 10 lines the agreement
between pollen stainability and seed setting was much
closer than indicated by the r value.
The results obtained from pollen stainability and
seed setting studies were considered to be more favorable
to the hypothesis that sterility was due to structural
chromosome differences than to genes controlling fertility.

viii

INTRODUCTION
Rice is the world7s most important food grain.
Millions of people produce and use this crop, and in some
countries rice accounts for as much as 75 percent of the
human diet.

Therefore, the improvement of rice by breeding

is of vital importance, and a knowledge of the inheritance
of the characters that affect production is essential for
developing more effective breeding methods.
Cultivated rice is represented by two species, Qryza
sativa. L. and Oryza glaberrima, Steud.

Qrvza glaberrima

is grown only in Africa, and 0. sativa is grown in most of
the other rice producing countries of the world.

The latter

species has been classified into two distinct types or
subspecies, designated as ,japonica

and indica. The .1aponica

type evolved in northern

China and Japan, while

type evolved in southern

China and India.

Numerous commercial

varieties of rice have

theindica

been

developed over the years within the ,japonica and indica
types by various breeding methods, including mass selection,
individual plant selection, and hybridization.

Hybridiza

tion followed by selection is the method most extensively
used at the present time.

However, this method produces

varying degrees of sterility in the progenies of crosses
between the two types and between varieties within each of
the two types.

This condition was first noted about 2$ year

2
ago} and since that time many workers have reported
degrees of sterility varying from 0 to 100 percent.
Several genetic and cytological investigations represent
attempts to discover the cause of sterility in these inter
varietal hybrids.

As a result of these studies, two

conflicting explanations have been offered for the sterility:
that it is due to interaction of genes from the two parents
and that it is the result of structural differences in the
homologous chromosomes of the parents.

The evidence obtained

so far does not prove or disprove either hypothesis, and the
exact cause of the sterility is still unknown.
The problem of intervarietal sterility in rice is very
important because of the handicap that it creates in
hybridization programs.

Indie a-.japonica crosses are being

used more commonly in rice breeding, and the sterility
frequently encountered causes difficulty in attempts to
combine the desirable characters of the parents, especially
since any new variety developed must be completely fertile.
In the research reported here, fertility was studied
on the basis of the percentage of nonabortive pollen grains
and the percentage of seed set at maturity.

Several segre

gating characters, including hull color, length of awns,
length and pubescence of grain, were also studied in order
to determine the association of these characters with
sterility.

The study was' conducted with two parent varieties,
Brownhull and Recessive 13, of the indica type and the
and

generations derived from a cross between them.

REVIEW OF LITERATURE
According to Jones (1929) the earliest record of
artificial rice hybridization was in 1901 when Hoshino
reported two crosses of glutinous x common rice, one in
the greenhouse and one in a paddy field.
Koch (1917) stated that in 1907 Van der Stok started
hybridization experiments with rice in Java.

He crossed

an early maturing variety of good quality with a high
yielding variety of poor quality.

Koch pollinated rice

flowers a few hours after the emasculation of clipped
florets.

He obtained 43*3 percent hybrid seed in one case;

however, at times no hybrid seed were obtained, apparently
due. to nonviable pollen.

No reason was given for the

presence of nonviable pollen.
Farnetti (1915) of Italy claimed that rice flowers
never opened before, during, or after the dehiscence of
the anthers; therefore, natural crossing was impossible.
His attempts to cross rice resulted in failures, and he
concluded that all of the different varieties of rice must
have originated as mutations.
Torres (1923) and Rodrigo (1925) emasculated the
female parent by clipping the lemma and palea in the
morning before anthesis or in the afternoon following
blooming.

They did not report on the amount of seed set

or pollen fertility; however, they stated that the number
4
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of pollen grains per anther in three varieties ranged
from 643 to 915*

This means that each floret produces

3,85$ to 5,400 pollen grains,, only one of which is
necessary for fertilization.
Jones (1929) reported that in the United States,
E. L. Adams attempted hybridization of rice in 191$, but
no crosses were obtained.

Unsuccessful attempts to

hybridize rice in 1920 and 1921 were made by Jones; however,
in 1922 he succeeded in producing two hybrid seed.

One

seed failed to germinate in 1923, the other produced a
hybrid plant.
In several crosses involving four varieties of rice-probably of the ,japonica type--Jones (1926) reported evidence
of hybrid vigor in the Fp, especially for number of culms and
yield of grain per panicle.

He did not indicate any degree

of sterility being present in the Fp generation.
According to Jones (1930), Kato (1928) distinguished
two geographical groups within the species, 0. sativa. on
the basis of mutual sexual affinity, and was the first to
designate the two groups as indica and .1aponica.

Varying

degrees of sterility were reported in the Fp generation of
hybrids between the two groups.

The average percentage of

fertility of hybrids between the groups was 4*70, while
that for hybrids within each group was 81.20.

He found

that pollen formation in hybrids between varieties of the
two groups was abnormal and that a high percentage of the
pollen grains were nonfunctional.

In F2 generations the
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progeny from crosses of varieties within each group
showed normal fertility, whereas in the progeny from
crosses between varieties of the two groups the percentage
of sterility was high, although it varied materially.
A marked degree of sterility was observed by Jones
(1930) in the F-j_ and F£ generations of crosses between
Japanese and Chinese rice varieties,

In addition to the

sterility observed, the development of the plants was
abnormal, as evidenced by the large number of the late F2
plants that failed to head or headed but failed to mature
seed.

This is an unusual condition in varietial crosses.

He concluded that sterility and lateness observed in the
and F2 plants were probably due to incompatibility in
the chromosome mechanism which prevented normal function
ing and development of the hybrid plants.
Parthasarathy (1935) found that the condition of
multiple pistils, a simple recessive character, was inherited
independently of long sterile glumes, aggregation of
spikelets, purple color of apiculus, anthocyanin pigmentation
of fertile glumes, and other characters.

It showed some

association with grain size, which, he stated, is determined
by multiple factors, and with sterility, also a quantitative
character determined by an unknown number of factors.
Using both .japonica and indica types as one parent
in crosses with 0. latifolia, Hirayoshi (1937) obtained
good heading in the indica

hybrids but not in ;japonica

7
hybrids.

However, the anthers did not dehisce; and no

seed was set after pollination with pollen from either
type.
In another study, Parthasarathy (193$) described
three mutants in the progeny of x-rayed material.

One,

a semi-sterile, which gave normal, semi-sterile, and dwarf
offspring approximately in the ratio of 1:2;1, was found
to be a reciprocal interchange heterozygote, with an
association of four chromosomes at meiosis.

It was thought

probable that the dwarf plants were homozygous for the inter
change, which may have been accompanied by a minute deficiency
or a gene mutation at or near the point of interchange in
one of the chromosomes.

The other two mutants, designated

’’stumpy” and ’’beaked sterile,” were both trisomics.

He

also stated that in the former case an association of five
chromosomes is frequent, indicating that an extra chromo
some consists of segments derived from two nonhomologus
chromosomes.
Grant in Burma (193$) made a critical study of
sterility in crosses with Blue Rose.

He found only a

small percentage of sterility in F^, but from 1 to 87
percent in Fp.

He thought that sterility was due to the

interaction of several genes difficult to determine.

He

made a study of the F^ generation by selecting from the
entire phenotypical range in Fp plants.

The study of a

large population totaling 10,726 plants in the F^
generation showed that while the highly fertile and highly

o

O

sterile groups of Fp plants yielded lines of similar
fertility, the medium fertility groups yielded plants
varying from low to high fertility.

Me also made a study

of the pollon in the several fertility groups by classify
ing them into three groups:

1. poor pollen mostly empty,

2. irregularly round, and 3* normal.

Most of the plants

produced all three classes of pollen in varying proportions,
and no relationship could be established between spikelet
sterility and the type of pollen produced.
Terao and Midusima (1939) studied the inheritance of
sterility in rice by using 12 Japanese and 4 foreign
varieties to obtain 141 crosses in different combinations.
They found that the F-^ hybrids from crosses between Japanese
and foreign varieties headed later than their parents and
also exhibited heterosis; thus, if left to grow alone,
heading occurred too late for seed to be set, but by
short-day treatment it was possible to distinguish true
genetic sterility.

They also stated that short-day treatment

had practically no effect on normal pollen formation and
that the percentage of normal pollen corresponded generally
with the percentage of normal embryo sacs and could, there
fore, be used to determine the latter.

The experiments

showed a fertility range of 0 to SO percent in the F-^
plants from crosses between Japanese and foreign varieties.
These results are in contrast to the findings of other
workers (1928) who reported less than 30 percent fertility
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in the

from crosses between the Japanese and Indian

varieties and a maximum of 43 percent for normal pollen.
Terao and Midusima concluded that the relations in
regard to the affinity between the Japanese and foreign
varieties and also between the foreign varieties themselves
must be extremely complex, as evidenced by the degree of
sterility or fertility, and that there is no justification
for establishing the two types, ,iaponica and indica, merely
on the basis of the F-j sterility phenomenon.

The same

workers (1939) made further observations of morphological
characters of- 23 2 varieties of rice from the chief rice
growing areas of the world to ascertain the significance
of these characters as differentiating features of the two
groups classified by Kato.

From their results they stated

that such morphological differences do not parallel sexual
affinity among the varieties, and that any classification
based on morphological differences, arranging the varieties
of rice into two well defined groups, "cannot be readily
accepted."
Hamada’s conclusion that the mesocotyl length is
related to the ;japonica-indica classification was challenged
by Midusima and Yamada (1939).

They concluded that the

establishment of the two groups on the basis of mesocotyl
length has no relation to the affinity between the
varieties crossed and, therefore, is not valid.

Moreover,

in a study of intervarietal crosses at various stations,
they indicated that mesocotyl length was determined by a
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certain number of genes, and that different lengths,
irrespective of sterility, could be produced by arti
ficial or natural crossing.
Akemine and. Hoshika (1939) found that the inter
annual difference of the sterility percentage for 14
years was quite significant.

He stated that in some

years the degree of sterility within a variety may be 10
to 30 percent.

This was also true between varieties, the

difference in low and high sterility amounting to about
17 percent.

He found no correlation between sterility and

awn length, endosperm character, the presence or absence
of anthocyanin pigmentation, and heading time.

Although

three climatic factors--air temperature, humidity and sun
shine-affected the percentage of sterility, the effect of
the first factor was most prominent and the sterility per
centage may be predicted from air temperature during the
growing season.
Oryosi (1943) obtained good results in crosses between
i^-dica and ,japonica types of rice, but the Fq hybrids
were about 63.3 'to 62.57 percent sterile.
were small and varied in size.

The pollen grains

Back crossing showed that

sterility was also on the female side.
Ru (1944) found the F-j fertility of crosses within
each of the groups, indica and ,japonica, ranged from 56.04
to 93*13 per cent, with an average of 60.03 percent.

He

showed that in crosses between the groups the fertility
ranged from 11.01 to 41.63 percent, with an average of
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26.21 percent.

His study indicated that two types of

glutinous rice exist in China:

1. a ,japonica type giving

high Fp fertility in crosses with .japonica varieties and
low F-| fertility in crosses with Indica; and 2, an indica
type showing low Fp fertility in crosses with japonica and
high Fp fertility in crosses with indica types.
Two crosses between indica and ,japonica types of rice
were analyzed by Hsu (1945)*

He found the Fp of both

crosses were highly sterile.

Half the pollen grains pro

duced by Fp plants were abortive.

In F2, both crosses

segregated in a ratio of 10 nonsterile: 16 slightly sterile:
10 highly sterile or roughly 26 fertile: 10 sterile.

In Fp,

families segregating into 9 nonsterile: 16 slightly sterile
were found.

Families segregating into 1 nonsterile: 1

slightly sterile: 2 highly sterile or 2 fertile: 2 sterile
were found in Fy.

Sterilities resulting from crossing these

types of rice were principally due to lethality of germ
cells, which was mainly controlled by two factors, A and Eh.
Factor A was supposed to exist on those chromosomes which
constitute a quadruplet in the somatic cells.
were present in separate parents.

A and B

Hence, one of the

parents was supposed to be AAAAbb, the other parent aaaaBB.
Microspores or megaspores that contained AAB or AaB factors
were aborted as were those that contained aab factors.
He stated this study confirmed Nandi’s theory that of the
10 types of chromosomes in rice, 0. sativa. 2 are present
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4 times; he also concluded that his results confirmed
the hypothesis that 4 homologous chromosomes do occur
in this species.
Tu and Kuang (1947, 1949) found the average fertility
of F^ hybrids between different types of rice was 9«34
percent and between varieties of the same type 77*4 percent.
They stated that the study of the forms indica and ,japonica
indicated, however, that fertility is not necessarily a
reliable criterion in distinguishing the two types.

The

average percentages of abortive pollen grains in the three
crosses they studied were given as follows:

early non-

glutinous indica x late glutinous ,japonica, 56.7 + 4.74;
early nohglutinous Indica x late nonglutinous ,1aponica,
52.o7 + 6.39; late nonglutinous .japonica x late glutinous
,japonica, 6.26 + 1.07.

A correlation of 0.693 +0.1

between seed setting and pollen abortion was obtained in
the Fp generations.

Fertility in the hybrids was found to

vary with the date of heading.

They found that at an early

date the environmental factors were conducive to a rela
tively high degree of fertility; at a late date of heading
the environmental conditions tended to reduce flowering and
fertility.

In certain of the crosses the character of

fertility appeared to be genetically independent of endo
sperm type, awns, the color of the leaf sheath, color of
the apiculus or hull color; but in other cases fertility
appeared to be associated with the awned character, color
of the apiculus, and color of the empty glume.
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Mizushima (1950) reported investigations concerning
the inter-relationships of 44 strains of rice.

He

measured affinity by the degree of compatibility in respect
to percentage seed set and normal pollen observed in the
hybrids.

These hybrids were obtained by crossing the

44 different varieties with 10 strains belonging to both
indica and ;iaponica types of rice, whose compatibility
relationships were already known.

separating those

rices xvith similar relationships, a classification into
six groups was made.

These groups showed a continuous

variation in affinity with the 10 standards, rather than a
definite incompatibility or compatibility relationships with
the indica and .japonica types formerly supposed to be
mutually compatible.
In studies of sterility at Coimbatore, Ramiah and Rao
(1951) found that the time at which flowering took place
affected sterility.

He stated that Japanese workers

reported that too much rain or too dry a condition of the
soil at the time when plants transpired most, that is,
during or just before the flowering phase, resulted in a
large amount of sterile spikelet3 .

Rain must affect air

temperature, and it is possible that the low air temper
ature with high humidity were the primary causes of
sterility.

Ramiah called sterility that vras governed by

specific genes "spikelet sterility" to distinguish it from
the other forms.

On examination of the floral parts, he

showed that this sterility may be due to the uneven maturity

1A
of pollen and stigma, aborted pollen, and nonfunctioning
of the pollen even when well-formed. He also noted a few
instances where defective stigma was the cause of sterility.
Extensive studies were made of sterility in a number of
crosses betxroen pure lines.
no sterility at all.

Some of the parents had almost

When they were crossed, a small amount

of sterility usually occurred in the F-jj but in later gener
ations the degree of sterility varied, and the variation
was generally of a complex nature not analyzable into any
definite groups or ratios.
According to Ramiah and Rao (1951), Alam (1936), after
studying sterility in a number of pure lines of varieties,
stated that in cultures segregating for sterility, there
were smaller numbers of high sterility classes thereby
suggesting that sterility might be a recessive character.
In obtaining data on morphological characteristics
and compatibility relationships of numerous varieties of
x’ice, Wagenarr, Van dchouwenburg and Giregar (1952 found
that hybrids between awnless and awned varieties were
generally much more sterile than the parent varieties,
whereas hybrids between two axmless or two awned varieties
showed the same degree of fertility as the parent varieties.
Thro varieties xirhich were morphologically intermediate
betxveen both groups with respect to awns, degree of shatter
ing, tillering capacity, and photoperiodic reaction produced
fertile hybrids with all awnless and awned varieties except
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Tjina.

All hybrids involving the latter showed a high

degree of sterility.
Although sterility is reported to be more common
between the indica and ,japonica types, it occurs also
within each type.

Mello (1952) found only 54 percent

fertility in crosses within the .japonica type.

Cyto

logic al studies revealed 24 chromosomes which behaved
regularly up to metaphase I; the presence of an acentric
fragment was revealed at anaphase I, where a chromatid
bridge was observed in one pair of chromosomes.

He

observed regular homotypic division, but the loss of the
fragment was thought to be sufficient to account for
sterility.
Silow and Kjaer (1952) tabulated data on 131 crosses
between indica and japonica types.

They obtained many F-^

plants that were totally or partially sterile, and also
some fully fertile hybrids from combinations involving
indica varieties.
In considering the cause of sterility, Masima (1952)
analysed a tetraploid strain of rice into 15-20 percent
gametic sterility, 15 percent environmental disturbance,
and 50 percent zygotic sterility.

Meiosis in the tetra

ploid was characterized by the presence of univalent and
multiple associations, and by subsequent irregularities
in chromosome segregation.

He stated that selection for

fertility over a three-year period was ineffective.
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Luong (1952a) stated that varying degrees of partial
sterility in the Fp generation of various intervarietal
crosses can he attributed to the differentiation between
the indica and ,japonica types.

He concluded that, although

possessing the same number of chromosomes and substantially
identical genomes, these types have developed complex gene
mutations and genic rearrangements i\rithin the chromosomes
which have led to the differentiation between the chromosome
pairs of the two haploid sets.

This differentiation was

assumed to vary considerably, as shown by the different
degrees of sterility in Fp hybrids of different types of
crosses.
In another report, Luong (1952b) stated that tetraploid strains of hybrids between varieties of .japonica and
indica were much more fertile than the corresponding diploids.
Oka (1953a) reported the analysis of the inheritance
of partial sterility in direct and reciprocal crosses
involving various combinations of varieties from Taiwan and.
Japan.

He concluded that sterility appeared to be deter

mined by two sets of duplicate alleles, SpSp, SpSp, Tptp
and T2tp, the double recessive combination being sterile.
Sp and Tp appeared to be linked.

He explained the differ

ences between some of the direct and reciprocal combinations
by the supposition that pollen carrying two duplicate
dominant genes is at a competitive disadvantage to pollen
carrying only one such dominant gene.
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The same worker, Oka, (1953b) made a study of hybrid
sernisterility utilizing a Philippine nonglutinous and a
Japanese glutinous variety.

He found that the F-j hybrids

were semisterile, but other combinations were fertile.

In

the progeny of the Japanese glutinous, Kinoshito x F^, fertile
and semisterile plants segregated in an approximately 1:1
ratio, and an association was noted between fertility and
glutinous homozygotes.

From the data and segregation

ratios observed in the progeny of Kinoshito crossed with
the Fg of the hybrid between the two Philippine varieties
he concluded that semisterility is caused by the comple
mentary action of two gene pairs,

and

(the

double recessive bringing about degeneration) and by a
further pair of factors,
action to the foregoing.
between X-^,

and

similar in their

He believed linkage to exist

and g (glutinous grain).

In a third report, Oka (1954) crossed 120 varieties
from different parts of eastern Asia with seven test
varieties and determined the pollen fertility of the F^
hybrids.

He graded a cross as fertile (+) or sterile (-)

according to whether the percentage of normal pollen
exceeded or did not reach $7.5 percent; thus the reaction
type of a variety could be represented by seven plus or
minus signs.

Of 12$ possible reaction types, 31 were found.

These could be classified into two main groups, I and II,
corresponding to the continental and insular groups

IS
respectively.

Groups Ila and lib vrere, respectively,

equivalent to the tropical insular and temperate insular
groups previously distinguished.

He regarded sterility

as being genetically determined by at least one dominant
allelomorph of two duplicate factors.
Silow (1953> 1954) stated that cytological investi
gations suggested that low fertility in indica-.japonica
hybrids may be caused by irregularities of Anaphase I.
He also reported that other cytological evidence indicated
that gene substitution differences in chromosome structure
are among the causes of sterility in the indica-.japonica
crosses, although some high yielding selections have been
obtained in India.
Parthasarathy (1954a) reported that the

generations

of different varietal combinations displayed varying degrees
of spikelet sterility.

No significant regional differences

in F-^ sterility were detected.

Only a few instances of

differential behavior of parental varieties with respect
to F^ stei-ility were found.

Evidence was obtained of a

certain amount of lethality of zygotic combinations in most
crosses and of reciprocal differences in sterility in some
cases.

The Fp and

data indicated that highly sterile

F-^ crosses and the more fertile F-^ hybrids give rise to
progenies exhibiting a similar range of fertility.

He

stated that sterility does not therefore constitute a
handicap In executing a breeding program.

In another

report (1954b) he said that some of the combinations with
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over 50 percent seed sterility in the

were backcrossed

to their indica parents in the hope of obtaining increased
fertility, but only a seed setting percentage of 5.2
occurred, with 21,699 pollinations.
Sarapath and Mohanty (1954) observed abnormalities at
anaphase I in hybrids between .japonica and indica types
which consisted of laggards, stretched chromosomes, and
bridges with fragments.

The occurrence of anaphase bridges

was ascribed to inversions in the ,japonica parents.

A

study of the two ,japonica-indie a crosses and their recip
rocals indicated that the cytoplasm transmitted by the
female affected pollen development in F^.
In a fourth paper, Oka (1955) reported Fp sterility
resulted from the double recessive condition of duplicate
fertility genes.

Sterility due to gamete-development

genes disappeared readily on inbreeding; sterility due to
duplicate fertility genes persisted longer.
Pajagopalan (1955) of the Paddy Breeding Station,
Coimbatore, studied the progenies of indica-.japonica
hybrids.

He reported some progenies combined good tiller

ing capacity, thick culms, resistance to lodging, and a
high degree of fertility.
Brown (1955) found hybrids between local varieties
were less variable in most characters and were more tolerant
of unfavorable water conditions at the seedling stage than
the indiea-.japonica hybrids.

Although normal meiosis
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occurred in the indie a -,japonica hybrids, they showed a
higher degree of sterility;- than the hybrids of the local
varieties.
In a report of the Sixth Meeting of the Working Party
on Rice Breeding, Anonymous (1955) it was stated that the
inheritance of sterility is quantitative, and sterility in
some combinations depends not only on gametic sterility/ but
also on the failure of the embryo to develop after fertil
ization.

Some evidence indicated that the degree of

sterility may be partially determined by environment.

In

still other combinations the cytoplasm may affect sterility.
In another paper as late as 1956, Oka (1956) found
that at least five sets of duplicate gene pairs were
required to account for the genetics of hybrid sterility
in a series of intervarietal crosses studied.

He stated

that sterility of this sort disappeared rapidly on inbreeding.
Subramanyam and Roy (1956) reported on observations
of indica~,japonica crosses.

They found that the time from

soxcLng to head emergence was inherited as a simple Mendelian
character in Norin x 36BK and Norin 1£> x 141BK, with the
later flowering of the indica parent dominant, and as a
multifactorial one in the third cross of Rikuu 132 x 141BK.
Fully developed awns or colored grains appeared among a
number of the segregates in each cross, although neither
of these characters was shown by the parents.

They found

that the percentage of empty spikelets among the hybrids
varied from 0 to 100.

Sterility bore no relationship to
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seed setting in the parents or to earliness of floxvering
in the hybrids.
Yao (1956) studied chromosome behavior in one fertile
hybrid, six partially sterile hybrids between varieties of
cultivated rice, and two fertile parent varieties.

She

found chromosome behavior in diakinesis and metaphase I to
be regular in hybrids and parents.

Including both anaphase

I and pachytene stages, evidence of inversions was found
in six of the seven hybrids.

She concluded that sterility

in the intervarietal hybrids was probably due to the
included type of inversions which are produced by simple
inversions of the kind found commonly in the hybrids, but
are not detectable in meiosis.

She suggested that sterility

in other intervarietal hybrids of cultivated rice is also
probably due primarily to included inversions.

Thus,

sterility in intervarietal hybrids of cultivated rice
appeared to be caused by cryptic structural hybridity.
Color of hull, length of grain, length of awns,
pubescence, and various abnormalities were studied by this
writer.

Various results on the associations between the

above characters and other physiological characters have
been reported.
Parnell et al. (1917) reported that the ripening gold
lemma was associated with particular grain size, the grain
with this character being finer than the one with either
brovm furrows or dark gold color.

It was shown by Lord (1929) that rices with dark
colored lemma and palea took longer to germinate than rices
with light colored lemma and palea.
Ramiah and Rao (1951) have given an excellent dis
cussion on studies of hull color.

They stated straw color

may often be found variable from dark to light.

Gold color

ing varies from orange-yellow to reddish brown at flowering,
becoming; darker and duller on ripening.
After a genetic analysis of a series of rice crosses,
Nagao and Takahashi (1954) concluded that uniform golden
color of the hull is due to a recessive gene designated as
rg. Longitudina.1 golden banding is determined by a dominant
gene F, which, is inhibited in the presence of the suppressor
I.

Black glumes or hulls are determined by the presence

of three dominant genes, kb-^, Rbp, an<^ ^ 3 > not two as
earlier workers have postulated.
Sethi et_ al. (1937) stated that sowing rice in close
spacing", results in greater development of awns.

The F-j

of a cross between an awnless variety and a variety with
awns on the upper spikelets of the panicle had awns not
exceeding 2 cm. in length.

In the Fp generation five

classes were distinguished but difficulty was experienced
in assigning certain plants to these classes.

Stress was

therefore laid on the behavior of the F^ progenies of the
Fp plants and, it was concluded that the length of awns
was governed by three or more genes acting cumulatively.

Piacco (1937) reported certain varieties of rice have
primary panicles which are completely aimless while
secondary panicles may be slightly awned.

Grains from

awned and aimless secondary panicles were sown; all the
secondary panicles of the
panicles were awnless.

were awned, and the primary

In a second experiment grain from

a number of aimed secondary panicles was sown with grain
from aimless primary and secondary panicles as controls.
The results of sowing the grain at different dates so that
primary and secondary panicles developed under the same
conditions did not alter the relations of the awned and
aimless plants.

He concluded that the phenomenon was

hereditary and that a retarded inversion of the valency of
the character pair aimless-aimed by which the recessive
became dominant was a possible explanation of this behavior.
Nagao and Takahashi (1942) classified rice into fully
awned, developed in all spikelets, with the longest aims
2 to 6 cm; medium aimed, developed in the greater number
of spikelets, awns .5 to 2 cm. long; rarely aimed, and
fully aimless.

To account for these aim classes, the

authors have assumed, three kinds of genes, An-j , Ang, and
An-j.

The combined action of these three genes with their

their alleles was responsible for the inheritance of five
classes of awns.
Jodon (1947) found that a gene concerned with the
expression of aims in rice was linked with one controlling
clustering of spikelets.

A cross by Misro and Misro (1954) involving C2G-16,
an awnless indica type, and Aikoku, an awned ,japonica type,
provided evidence of a dominant factor, Ian, inhibiting
awn development.

It was postulated that C2$-l6 and Aikoku

have the genotype an an Ian Ian and An an ian ian, respectiv
An an representing a gene pair for the awned versus the
awnless condition.
In a study of the inheritance of hairiness in rice,
Kwan and Tu (1945) crossed Shangta 312, a glutinous awned
variety with hairy colorless glumes, with Binastain, a
nonglutinous awnless variety with colored and less hairy
glumes.

They obtained a 3°1 ratio of hairy and less hairy

plants in the Fp generation, indicating the character of
hairiness was determined by a single dominant gene; the F^
data confirmed this result.

It was found that the gene for

hairiness had no linkage relationships with genes deter
mining the color of the husk, presence of awns, and
glutinous endosperm.
Ramiah and Rao (1951) reported that grain length
varied from 5*3 mm. to 11.5 mm. among types grown and
studied at Coimbatore, India.

Genetic stock at the Central

Rice Research Institute has a type 14.2 mm. in length.
Crosses between a short round grain with a mean length of
5 .Si mm, and a long grain of over 10 mm. gave two definite
groups, with a clear minimum frequency point in Fp«

These

two groups gave frequencies approximating 3 short round to
1 long.

The mean lengths of the two extracted homozygous

groups did not correspond to the two parents used in
the cross.

They concluded from various studies of other

workers that the length of grain was governed by multiple
genes, and the results obtained in the F9 generation' depend
on the parental differences with regard to these genes.
When a good 3:1 ratio of short grain to long grain occurred,
it was found that the short grain had a characteristic
round shape.

Even where the inheritance is of the polygenic

type, length seems to be dominant over the long grain,
Tang (1935) crossed two varieties with grains 3,2 and
12.95 mm. in length.

From the Fp and

data he concluded

that the two parental stocks differed in a series of genes
for dominance.
A ratio in the Fp of 3 short:

1 long was reported by

Mitra and Ganguli (1933) in respect to spikelet length;
however, in regards to spikelet breadth the distribution of
TF0 and F^ indicated that multiple factors were concerned.

Bollich (1957) found spikelet length quantitative
in nature in a cross between Rexora and 252-1-2.

A parent

difference of 0.6 min. for this character appeared to be
governed by at least two and probably three or more pairs
of genes.
Several cases of polyembryony were noted by Ramiah,
et al. (1935) in paddy rice and in several hybrid progenies
of rice.

Usually twin embryos were found in seeds, but

much more rarely, triplets were seen.
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Wickramasekera (1939) found a multiple seeded variety
of rice containing 1 to 3 separate seeds.

The spikelets

showed a corresponding number of ovaries and pairs of
stigmas contained, in a single floret.
Malformations in embryos, pistils, stigmas, glumes,
and pseudo-polyembryony were observed by Kasahara (1942)
in rice varieties Akaho and Kairyoizumo.

The malform

ations appeared at the rate of 0.5 percent in the succeeding
generations.
A mutant was described by Nakamori (1943) as having
1 to 3 grains per spikelet and 3 to 5 pistils per flower;
it sometimes produced malformed stigmas and ovaries and
6 to 12 stamens, which were often deformed and contained a
large number of empty pollen grains.
to be about 55 percent.

Fertility was reported

The mutant type bred true and was

transmitted as a mendelian recessive to the normal type.
Kuang, et ad (1945) reported the percentage of the
polyhusked spikelets per spike varied widely both annually
and with the type of rice.

The most important differences

existed between the indica and .japonica types.

He concluded

that the presence of extra husks exerted a considerable
influence upon the fertility of the normal spikelet in the
same spike.

Other abnormalities, such as multiple seeds,

twin grains, polyflorets, and extra veins on the lemma and
palea, were regarded as secondary effects of the genes for
the polyhusk character.
as a case of atavism.

The character of polyhusk is treated

Richharia and Jones {1953} found an enlarged outer
glume mutant and a parrott-beaked inner glume sterile
mutant in a strain isolated from GH 10 at Patna.

The

first mutant bred true; the second mutant set no good
grains, and attempts to cross it with CH 10 failed.

MATERIALS AND METHODS
The materials used in this study consisted of two
varieties of cultivated rice, Qryza sativa, designated as
Brownhull and Recessive 13, and the F 9 and F^ generations
of a cross between them.
type of 0. sativa.

Both parents were of the indica

The Brownhull parent, C.I. 193175, was

an introduction from India.

Recessive 13 was derived from

a cross between C.I, 654 and 323A833 .

The°323A$33 parent

was out of Re-xora X Blue Rose, and C.I. 654 was introduced
from the Philippines.

Recessive 13 is a short, broad leaf,

thick culm plant, and Brownhull is an ordinary slender culm,
narrow leaf plant.
The original cross was made in 1954 by Mr. Nelson E.
Jodon, Agronomist, United States Department of Agriculture
and Louisiana State University Rice Experiment Station,
Crowley, Louisiana.

The F-^ was planted in the field in

1955 at the Rice Experiment Station, Crowley, Louisiana.
Approximately five panicles from the F^ plants were
collected and supplied to the writer for this study.
The seeds from the F^ panicles were threshed in bulk,
and the fertile and sterile florets were counted.

The F2

population and the parents were grown in the field at Baton
Rouge, Louisiana, in 1956.

A total of 1404 F2 seeds were

planted on May 10, 1956 in rows 12 inches apart with each
seed spaced 6 inches within the row.
28

The entire area was

29
framed and covered with poultry wire to prevent bird
damage to the seed heads.

The area was cultivated by

hand, and sufficient water for plant growth was applied
at intervals by sprinkler irrigation.
of the panicle and just prior to

On the emergence

anthesis, a portion of

a panicle of each F2 plant was collected and placed in a
70 percent solution of ethyl alcohol in water for the
pollen study.
'were recorded.

The date of collection and Fg plant number
Pollen samples were collected from 461 Fp

plants that had produced a seed head.
In order to determine the degree of fertility based
on the amount of stainable and ronstainable pollen, the
anther.s were removed from the florets and placed on a clean
slide'.

A drop of a weak solution of 1,0 percent iodine-

potassium iodide was added to the slide for staining.
Pollen grains were released from the anthers with a dis
secting needle.

Two or more fields containing 100 to 300

pollen grains were observed under the microscope, and no
less than 100 pollen grains were observed in any sample.
The total number of pollen grains and the number of wellstained, nonabortive grains in each field were counted.
The percentage of stainable pollen was calculated from
these data.
A second measure of fertility was obtained for each
plant based on the number of florets per panicle that set
seed.

For this measure, mature panicles from 251 F2

plants and from the parents were harvested individually in
late August, 1956.

The fertile and empty florets of each
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F2 plant were counted, and the percentage of fertility
was calculated from these data.
The results from the parents and F2 population, both
for pollen stainability and number of seed set per panicle,
were examined carefully to determine whether there was any
evidence that the sterility was caused by segregation of
genes or by structural differences in the chromosomes of
the parental varieties.
In order to obtain more complete and reliable data
than that provided by F2 , 100 of the Fp plants were progeny
tested as F^ lines.

The F^ plants to be progeny tested

were selected on the basis of the percent seed set.

For

this purpose all Fp plants were placed in nine fertility
classes ranging from 4-7 to 90 percent seed set.

From 9

to 12 F 9 plants were taken at random from representatives
of each class.
The Felines and parents were planted on May 1, 3 and
4, 195 7, at Baton Rouge, Louisiana,

The F^ lines were

planted and cultivated in a similar manner to the F
ation.

Twenty seeds were planted of each F^ line.

gener
Each

line was planted in a separate row, with one of the parents
seeded every fifth row.

Water was supplied by both

sprinkler irrigation and flooding; however, the area was
not constantly flooded during the entire growing; season.
At the heading stage a portion of a panicle from each
plant in all F^ lines and the parents was collected for
pollen study.

The pollen samples were labeled according to

line and plant number.
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Pollen counts of plants in the F^ generation were
made in the same manner as the Fp.

In order to facilitate

pollen study, pollen grains were stained in iodinepotassium iodide solution.

The pollen grains that were

malformed and did not stain or that were void of cytoplasm
were designated as aborted or sterile pollen.

The pollen

grains that were well formed and stained easily were classed
as nonaborted pollen.
The percentage of fertility based on seed set was
again calculated for the

•

The percentage of seed set

as an indication of fertility was accomplished by hand
threshing the panicles and separating the florets contain
ing seeds from the empty florets and making a count of each.
A complete panicle was harvested from each plant in a line,
and records were kept so as to identify the F^ line with the
Fp parent plant.

As in the case of Fp data, the F^ results

were examined in an effort to determine whether there was
evidence that sterility was caused by genes or by structural
differences in the chromosomes.
The following characters were also studied in the F^
generation;

color of the lemma and palea, length of spike

let, amount of pubescence on lemma and palea, length of
awns, and normality of spikelets in the panicle.
Pigmentation of the lemma and palea was classified as
straw, dark straw, light brown, brown, gold, dark brown,
and very dark brown.
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To obtain the average spikelet length, 10 spikelets
were selected at random from the panicles of each of the
F^ plants and placed end to end on a metric ruler.

The

total length was divided by 10 to get the average.

The

length of a spikelet is the distance from the tip of the
apiculus to a point below the glumes where the spikelet
separates from the pedicel.
The awn is an extension of growth from the middle
nerve of the lemma.

Awns were classified according to their

length from the tip of the lemma to the end of the growth
extension.

The classes that were used in placing this

character were:

awnless, awns 1 to 10 mm. in length, awns

10 to 20 mm. in length, and awns over 20 mm. in length.
The amount of pubescence on the hull was observed
under the microscope.

Florets without pubescence, florets

with 1 to 5 spines, florets with 3 to 10 spines, and those
having more than 10 spines were recorded.
The florets in the panicle were classed as normal
and abnormal, abnormal being any malformation of the
spikelet.

Multiple florets, polyhusk florets, rudimentary

florets, and any other types of abnormalities were observed.
.Correlation studies were made on pollen stainability
and seed set in the Fp and Fj, and pollen stainability and
seed set in

with the coefficient of variation of all the

other characters.

Correlations were also determined on

pollen fertility and seed set in F^ with the following
characters:

color, length, awns, pubescence and normality

of the panicle.

RESULTS AMD DISCUSSION
In this study fertility was measured in terms of
percent stainable pollen and the percent of florets that
contained a caryopsis.

The inheritance of fertility was

studied in the Brownhull and Recessive 13 parents and in
the

^2 an(^ -^3

a cross between the two parents.

Fertility as Meastired by Pollen Stainability
The degree of fertility as indicated by the percent
of stainable pollen was determined by the proportion of
pollen grains that stained well in a 1.0 percent solution
of iodine-potassium iodide.

All pollen grains that did

not stain well and were malformed or that were void of
cytoplasm were considered sterile; however, it cannot be
stated that all pollen grains that stained well were
definitely fertile.

Nevertheless, stainability should give

some indication of viability of the pollen at the time of
collection.
Table 1 and Figure 1 show the distribution of the Fp
population for pollen stainability.

For convenience in

setting up Table 1, plants were placed in classes for
stainable pollen with 10 percent range in each class.

The

parents were not included in this table due to the fact
that pollen stainability data were not obtained for the
parents in the same year, 1956, in which the Fp were grown.
However, the two parents were studied for this character
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fable 1.

Frequency distribution and statistical values for 441 Fp plants
of the Brownhull x Recessive 13 cross for pollen stainability,
__________ in percent._______________________________________________
Humber of plants in pollen stainability classes
Standard Coefficient
Population 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 Mean Deviation of Variation
9

8

7

16

14

12

28

52

121

174

79-7

21.74

27-7

V jJ

o

M E A N op F2

STAINA BL E

Figure 1.

POLLEN

Frequency curve for pollen stainability
of 441 Fg plants of the Brownhull x
Recessive 13 cross, in percent.
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in 1957.

In that year, 44 plants of Brownhull and 35

plants of Recessive 13 were grown and classified for
pollen stainability.

All plants of each parent had 90

percent or higher of stainable pollen and had means of
96 and 96 percent.

Thus, the 1957 data indicated that

both parents had a high percentage of stainable pollen
and that very little plant-to-plant variation occurred
due to environmental factors.

It was assumed, conse

quently, that the results obtained with the parents in
1957 represented approximately their behavior in 1956 and
can be used, in a general way, for comparison with the F2
results in Table 1, obtained in 1956.
The material for a study of pollen stainability in Fq
was not available to the writer in 1956; however, Yao (1956)
reported that the percentage of stainable pollen in the Fq
of the Brownhull-Recessive 13 cross was 12.2 under con
ditions in which normal, fertile varieties showed 65 to 95
percent stainable pollen.

The 12.2 percent stainable pollen

for the Fq indicates that this hybrid was very low in degree
of fertility although the result is within the range of
pollen stainability reported by others for partially sterile
crosses.
As can be seen from Table 1 and Figure 1, the 441
plants had a continuous range from 2 percent to 99 percent
of stainable pollen.

The continuous nature of the range

is even more marked than is presented in the table and
figure by classes.
continuous,

The range in any one class was also
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Although the Fq had only 12.2 percent of stainable
pollen, the mean of the Fq population for stainable
pollen was 79.7 percent and approximated]/ 40 percent of
the F2 population fell into the 91-100 percent stainable
pollen class.

Another 27 percent of the F 2 population

came within the 81-90 percent pollen stainability class.
If these two classes are combined, 67 percent of the Fq
population xvas either completely fertile, according to
stainable pollen, or so highly fertile that sterility
would be of no consequence.

The remainder of the Fq

population showed an appreciable degree of sterility,
although fertility ranged from almost 0 to 80 percent.
It is important to note that the behavior of the Fq
and Fq was not related at all, the Fq having 12.2 percent
stainable pollen and the Fq having a mean of 79*7 percent.
Furthermore, the majority of the Fq plants were highly
fertile.

However, despite the high mean pollen stain

ability in Fq, some plants had essentially no stainable
pollen and others had only a moderate percent.
From Figure 1, it can be seen that the distribution
of the Fq plants does not fit a normal curve, but is
extremely skewed toward the highest class for percent
stainable pollen.
stainability class.

The mode was the 91-100 percent pollen
There was 110 evidence of more than

one mode in the Fq as some workers have reported.
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Due to the very low average percentage of stainable
pollen shown by the F-j , it was not possible to determine
whether any Fp plants were significantly lower than the F^.
Although a few Fp plants were numerically lower than the
mean of the F^, it is possible that these differences were
due to environment or to chance.
With the results obtained in the Fp for pollen stain
ability, sterility obviously did not behave as a qualitative
character.

No definite ratio was obtained in the F 0 gener

ation that could account for sterility through the
segregation of genes.

Qualitative characters segregate

into easily separated and distinct classes that are quali
tatively different.

The results obtained in the Fp gave a

continuous range that could not be separated into easily
well-defined classes.

Furthermore, the F^_ was very low in

percentage of stainable pollen while more than 60 percent
of the Fp plants had high percentages of stainable pollen
and only a few Fp plants resembled the F-j_ in pollen
stainability.
Although a continuous range in pollen stainability
resulted in Fp^ the nature of the frequency curve, Figure 1,
suggests that sterility did not behave as a quantitative
character either'.

A normal curve results when a group of

individuals is classified according to a typical quanti
tative character.

The bulk of the population would consist

of individuals that are intermediate for the character, and
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the frequency of individuals occurring at the two extremes
ifould be relatively low.

It can be seen that the bulk of

the F2 population was in the high extreme and not the midway
point as would be expected in the normal curve.

AlsOj there

was no gradual increase in the number of individuals from
the low extreme to the high; instead, there was essentially
the same number of individuals in the first six classes.
Further evidence that sterility did not behave quantitatively
is the marked degree of difference between the mean and the
modal class of the F2 and the mean of the F-^.
It may be possible to devise a complex genetic explana
tion for the Fg data that would account for the behavior of
sterility; however, such an explanation would be improbable
and the results suggest that sterility was probably not due
to segregation of genes.

The data in Fg concerning stain

able pollen as an indication of fertility may be summarised
as follows:
1.

There was a striking difference in the modal
class of the Fg compared to a normal curve.

2.

The behavior of the F^ and F^ were definitely
not related,

3.

A continuous distribution of plants in F2 was
observed,

4*

There was a marked degree of difference between
the mean in F^ and the F-^.

5.

A very high percentage of the
essentially fertile,

population was

/+o
6.

The F^ had a very low percentage of stainable
pollen; however, in Fp the modal class was the
completely fertile class.

Thus the

and Fp

differed greatly in mean pollen stainability
behavior.
7.

There was a very wide range in the partially
sterile plants in Fp, with approximately equal
frequencies from the 1 to 10 percent class up
through the 51 to 60 percent class,

8.

It appeared probable from the results obtained
in Fp concerning pollen stainability that sterility
was not caused by the action of genes.

The studies described previously with the Fp plants
were continued into the F^ generation in order to obtain
a more thorough analysis of the breeding behavior of
fertility as measured by the percentage of stainable pollen.
Both parents were grown in 1957 along with the F^ and
a pollen stainability study was made of single plants in
the parents and in

lines.

Table 2 shows the frequency

distribution of parent plants and plants in 71 F^ lines for
stainable pollen.

Pollen stainabilitjr classes were set up

with 10 percent class intervals.
Forty-four plants of the Brownhull parent and 35 plants
of the Recessive 13 parent were classified for stainable
pollen.

The mean of each parent and the coefficients of

variation are also given in Table 2.

Forty-three plants

of the Brownhull parent and 34 plants of the Recessive 13
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parent were placed in the 91 to 100 percent class based
on pollen stainability.

One plant of each parent fell

into the Bl to 90 percent class interval; however, both
of these plants had 90 percent stainable pollen.
The mean of the Brownhull parent was 96.1 percent, and
plants of this parent ranged from 90 to 99 percent stain
able. pollen.

The coefficient of variation of Brownhull

for pollen stainability was only 2.3 percent.

The Recessive

13 parent had a mean of 97.7 percent, with plants of the same
range as the Brownhull parent.

The coefficient of variation

for pollen stainability in Recessive 13 of 2.0 percent was
also very low.
From the results obtained with a reasonable number of
parent plants in 1957, it is concluded that both parents
produced very high percentages of stainable pollen grains;
that each parent was homozygous for high fertility; and
that very little plant to plant variation in percentage of
stainable pollen was caused by environmental factors.

This

suggests that any differences between plants of the F^
lines that exceeded 10 to 20 percent were probably not caused
by chance or environment but represented genetically
controlled differences.
Table 2 shows the frequency distribution of plants in
each of the F^ lines.
from 10 to 19,

The number of plants per line varied

The mean, the standard deviation, the co

efficient of variation of each of the
of the F

2

lines and the value

plant from which the F line was derived are also
3
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shown.

The F^ lines are arranged in increasing order of

their means.
The means of the
percent stainable pollen.

lines ranged from 35*5 to 92.9
Thus, all lines had means lower

than the mean of either parent.

The line with the lowest

mean was line number 35 with a mean of 35*5*

Line number

94 with a mean of 92.9 percent fertility was the highest
based on pollen stainability.
The variation among means of the F^ lines appeared to
be continuous and the lines could not be placed into a few
sharply separated classes on the basis of their means.
Although within the range of 35*5 for line 35 to 66.7 for
line 97 the variation was not entirely continuous, the
small degree of discontinuity among means was apparently
due to the influence of chance on the small number of lines
involved, only five, rather than genetically controlled
discontinuit v.
Despite the fact that the variation among line means
was essentially continuous, most of the

lines had means

above 30 percent, and very few lines had means below 65
percent.

In fact, 62 percent, or 44 of the 71 lines, had

means above 30 percent for stainable pollen.

It can be

seen in table 2 that only six lines had means below 65
percent; 21 lines had means between 65 and 30 percent; and
44 lines had means of 30 percent or higher.
The modal class on the frequency curve, Figure 2, for
the means of the
interval.

lines was the 3l to 90 percent class

Table 2. Frequency distribution and statistical values for the parents and 71 F3
lines of the Br0v7nhu.ll x Recessive 13 cross in respect to pollen
stainabilityj in percent.

______________________ Number of plants in pollen stainability classes________________________
C.V.
F2 Plant
Population 1-10 11-20 21-30 31-40 41-50 $1-60 61-70 71-60 01-90 91-100 Mean
s
%
Value
Brownhull
Recessive 13
Line No.
6
35
2
84
12
3
6$
1
23
3
20
2
2
97
1
95
76
2
65
50
1
93
30
3
1
36
67
99
74

so

40
19
31
42
35

1
1
1

1
2
1

1

2
1
1

1
1

1
1

1
1
2

5
2
2
4
3
5
2
1
2
3
3
5
2
3
4

1
1
2
1
1
2
2

2
4

1
2
1
2
1

3

1

2
4
1

1
3
1
1
1

2
3
1
2
3

1

1
1

5
1
1

1
1

1
1

2
2
2
1
2

1

2
1
1

43
34

L

4
4
3
3
4
2
2
6
5
5
3
3
3
5
4
5
4
1

4
3
5
1
3
3
6
4
2
6
4
5
4
5
4
3

96.1
97.7

2.24
2.00

35.5
44.7
45.0
45.4
43.3
53.2
66.7
66.3
69.5
70.0
70.2
72.2
73.6
73.7
73.7
74.4
74.6
75.3
75.9
76.2
76.9
77.4
77.5

31.59
34.47
34.49
24.34
35.29
29.03
36.55
23.21
31.90
20.32
24.21
22.23
36.60
23.24
15.72
19.36
23.50
16.19
33.90
20.02
27.20
25.42
13.79

2.30
2.04
33.9
77.1
76.6
54.7
72.3
49.9
54.7
42.2
45.3
29.0
34.4
30.7
49.7
31.5
21.3
26.0
33.2
21.3
44 •6
26.2
35.3
32.3
24.2

92.0
80.0
40.0
72.0
73.0
77.0
94.0
96.0
97.0
73.0
53.0
60.0
.72.0
11.0
92.0
89.0
95.0
36.0
86.0
30.0
91.0
93.0
35.0

Table 2.

Continued

Humber of plants in pollen otainability classes
Population 1 - 1 0 1 1 - 2 0 2 1 - 3 0 3 1 - 4 0 4 1 - 5 0 5 1 - 6 0 6 1 - 7 0 7 1 - 6 0 8 1 - 9 0 9 1 - 1 0 0 Mean
Line No.
63
83
76

n

1
_L

1
2

62
29

i

1

60
54
Q

“
1
X
1
2

J_

1

1
n

n

±

25

81

1

1
1
4

49
Q1

1
o

1

->

4
">
9

2
2
1

3
5

1
1

i,

~T

•
—>
,9

2

1

0
<■4

1

2
1
1
2
1

i

2
9

1
1
2.
i
1

1

3
n
9
r'
r-i
r~f

s

O
5
4

2

9

_y

3
2
2
2
2
1

1
4
3

3
o

7
/
0
4

79.3 2 0 .0 7
7 9 . 7 11.62
8 0 .4 14.93
8 0.7 1 9 .4 9

2

O

81.8
8 2.0

7
3
4
7
n
X

82.2

6
5
12
5
4
9A2
4
6
5

u
ps
s

o
/
0
5/■

10
5

D

rV
O

7

25.3
14.5
18.5
2 4.1

81.2 26.10 32,1
8 1 . 6 2 5 . 9 2 31.6
81 • 2 13.82 1 6 . 9
81.6 1 7 . 8 3 21.8
81.7 1 8 . 8 1 23.0

n
I
/

f>

78.6 1 9 . 1 3 24.3
7 8 . 8 1 0 , 7 7 13.6

f

rdO

2

5

1
—1
2
1

8
r~i

2

64
37
2
23
1
51
72
45
88
69
90

y

i

61
79
3

5

s

82.9
8 3 .2
83.5
83.6
83.7
84.2
84.2
84.4
8 4.6
85.O
85.8
8 6.0

23.98
8.19
19.47
1 9 .36
15.13
15.75
1 1 .66
1 6 .09
13.19
21.21
25.32
13 .3 4
1 1 .18
1 1 .79
1 5 .26

29o
9 .9

23.6
23.3
1 8 .1
18.8
1 3 .9

19.2
1 5 .6
14.5
3 0 .0
i - « 0/
-i-y

13.1
1 3 .7
17.7

F2 Plant
Value
97.0

82.0
80.0
■ 96.0
88.0
50.0
90.0
87.0
5 5.0
9 5.0
81.0
92.0
95.0
87.O
93.0
35.0
96.0
88.0
40.0
25.0
96.0
69.0
80.0
85.0

26.0
94.0

-p-

Table 2.

Continued

Number of plants in pollen stainability classe:
Population 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-60 61-90 91-100 Mean
Line No.
62
89
41
10 0
92
66
rVo
o(
47
53
4
96
39
43
33
56
86
24
46
98
34
o
94

1

1

1
1

I

1

1
1
1
2
2
1

~

*X1
1

2
_L
V

1

O'

i

r5
O
5
0
4
10
3

p

7
10
14
2
6
4

n

1
1

5
2
7
2
1
6

1
1

c\
o

r?
Q

-i

i

**\
O
j

7
6
3
3
3

1

1

3
3
2
4
4
/■
0
r'\
O
4

!

1.

s

0
r\
O

10
8
8

86.4
GO «0
8 6.6
66.7
87.O

87.2
67.7
8 7.9
88.0
88.5
ri
r*
uO .)
8 3.6
69-3
69.9
69.9
9 0.0
90.3
90.3
90.7
9 2.2
92.5
92.9

s

C.V.
M

1 0 .3 6 12.5
2 5.94 29.9
1 6.31 1 8 .3
23.45 27 .0
9.11 1 0 .4
21.10 24.1
6.32 7 . 2
15.20 1 6 .6
4.69
5-3
1 1 .36 1 2 .8
r- s r
2 .DO 6 . 3
11.27 1 2 . 7
11.99 13-4
1 2.41 1 3 .9
4 .90
t» 4
6.24
6 .9
6 .24
6.9
9.35 1 0 .9
1 2 . 0 4 13.2
6.6
6 .32
10.95 1 1 .8
4 .7
4.33

F9
2 Plant
Value
12.0
99.0
88.0
7 2.0
99.0
95.0
88.0
70-. 0
69.0
9S.0
95.0
7 5.0
7 4.0
81.0
6 9.0
9 6.0
9 7.0
8 8.0
95.0
■

83.0
6 0.0
8 3.0

XCn
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Although none cf the

lines produced means as high

as the mean of either parent, nine lines, numbers 87, 96,
56, 86, 24, 98, 34, 8 and 94, had means above 8$ percent
for stainable pollen and the majorit'y 01 plants within each
of the lines fell into the same classes as the parents.
Only one or two plants of each line fell into the 71 to 80
percent class.

Two of the above lines contained plants of

the same classes as the plants of the two parents, lines
56 and 94.

Even though there was slightly more plant to

plant variation within these nine lines than within the
parents and the means of the lines were somextfhat lower than
the parents, none of the lines contained any sterile or
moderately sterile plants.

The coefficients of variation

of the nine lines were all 13*2 percent or below.

The

variation that occurred among plants within these lines
was probably due to chance plus environment, and the nine
lines listed above were probably homozygous for normal
pollen stainability.
There was a distinct tendency for lines Xfith low means
to have the highest coefficients of variation.

The five

lines with means below 50 percent had coefficients of
variation ranging from 55 to 89 percent.

Furthermore, all

of the lines with means below 78 percent had coefficients
of variation higher than 20.

On the other hand, the 13

lines having means of 88 percent or higher had relatively
low coefficients of variation .ranging from 5*3 to 13.9 .

40

NUMBER. OF

LINES

30

26

10

0

31-40

51-60

61-70

71-80

91-100

CLASS INTERVALS

Figure 2.

Frequency curve for number of F^ lines in class
intervals for mean percent stainable pollen.
-<I

No partially sterile line appeared to breed true.
One possible exception was line 61, but it had a high mean
of 62 percent stainable pollen and was derived from an Fp
plant that had 95 percent.

There is some question whether

or not it should be considered partially sterile in the same
sense as the F-^ and the lines of low fertility.
was also more variable than the parents.

This line

Line 61 ranged

from 64 to 90 percent stainable pollen compared with the
parents that ranged from 90 to 99 percent.

This line was

probably not homozygous.
Another notable feature of the

results was the fact

that all lines, even those with the lowest mean pollen
stainability, contained one or more plants with a high
percentage of stainable pollen.

This was true despite the

small number of plants in some lines.

Thus it appears that

each of the 71 lines tested contained some plants with
apparently normal pollen stainability and probably normal
fertility.

This result is of great significance to the

rice breeder interested in obtaining completely fertile
lines from partially sterile indica-.japonica crosses.

Mo

plant or line should be discarded simply because of its
low fertility.
Most

lines had too few plants to permit comparison

of the distribution of plants in the individual lines with
that of the Fp, but some lines behaved in a manner similar
to the Fp,

Examples are lines 74* 31 ancl 54*

These lines

had means near that of the F9 and contained plants that
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ranged from low to high, but the majority of plants within
each line were highly fertile, based on pollen stainability.
Some lines with relatively high mean fertility con
tained plants which were highly sterile.

This behavior was

found in lines 40, 31, 42, $5, 63, 54 and 91.

For example,

5 plants of line 40 were in the 91 to 100 percent class; 5
plants were in the Si to 90 percent class; and 2 plants were
in the lowest class frequency of 1 to 10 pollen stainability.
The other lines listed above showed a similar behavior.
However, none of the lines with a mean fertility of $7
percent or above contained any highly sterile plants, although
some lines contained one or more moderately sterile plants.
Six lines behaved in this manner, numbers 33, 43, 39, 4, 47
and 66.

Lina 47 contained 10 plants in the 91 to 100 per

cent class, 4 plants in the 61 to 90 percent class and 2
plants in the 41 to 50 percent class for stainable pollen.
In spite of the continuous variation among the means
of the F^ lines and the complete range for stainability
within most lines, it appears possible to classify the
lines into five somewhat dissimilar groups.
The five lines with the lowest average stainable pollen,
lines 35, 64, 12, 66 and 26 in Table 2, seem to form one
group with similar behavior.
characterized by:

This group of lines was

(1) low mean percentage of stainable

pollen, though apparently not as low as the F^, (2) a high
percentage of plants with 30 percent or lower stainable
pollen, (3) a low frequency of highly fertile plants and
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(4) a complete range in percentage of stainable pollen
from essentially zero to almost 100 percent.

Each line

in this grotip differed considerably from the F0 in being
more highly sterile, indicating that the Fp plants from
which the lines were derived had differed from the F-^ in
respect to the cause or causes of sterility.
A second group of lines had means that.were inter
mediate for fertility.
and 50.

Examples are lines 20, 97, 95, 70

This group had a considerable number of plants

with very low and moderately low fertility but an appreciably
higher percentage of highly fertile plants than the preceding
group.

A complete range in the degree of fertility occurred

in this group.
A third group of lines were somewhat similar in behavior
to the Fp.
group.
F 9.

Lines 74; 31, 42, 70, 60, 54 and 9 were in this

The means of this group were similar to that of the

A complete range in fertility of a relatively continuous

nature occurred from very low to completely fertile, as in
the Fp generation.

More than 50 percent of the plants within

each line were in the highly fertile classes, 01 to 90 and
91 to 100, also like the Fp.
A fourth group of lines had high mean fertility,
exceeding 05 percent stainable pollen, with a majority of
the plants within each line in the highly fertile classes
of 01 to 90 and 91 to 100 percent stainable pollen, but
having -two or three plants in the moderately sterile classes
of 41' to 50, 51 to 60 and 61 to 70 percent stainable pollen.
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Thus the lines in this group contained a few moderately
sterile plants but no highly sterile ones.

Lines 41, 92,

66, 47, 4, 39, 43 and 33 are examples of this group,

It

is possible, of course, that the absence of highly sterile
plants in these lines was due to chance.

None of the lines

contained more than 19 plants,
There was a fifth group of lines that appeared to breed
true for normal pollen stainability.

Examples of this group

of lines are 94, 6, 34, 96, 24, 66 and 56,

All lines breed

ing true for normal pollen stainability were derived from
Fg plants with a high percentage of stainable pollen*

The

lines of this group were derived from Fp plants ranging
from 60 to 90 percent pollen stainability.
Some lines seem to be intermediate between these groups
and difficulty would be encountered in placing these lines
within a particular group.
The significance of this grouping of the lines could
not be evaluated in the present experiment,

Admittedly

the grouping is somewhat arbitrary since the means of the
lines tended to be continuous.

It is probable that some

of the differences between lines in separate but adjacent
groups were caused by chance.

This factor could not be

eliminated because of the small number of plants per line,
However, it appears reasonable to conclude that no line with
a mean fertility as low as that of the F-^ was obtained.
Several lines more sterile than the Fp population occurred;
a small proportion of the lines behaved like the Fp, and
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several lines T'/ere homozygous for normal fertility.
Figure 3 shows the association of pollen stainability
of 71 Fp plants and the mean of the Fp line derived from
them.

The correlation coefficient between the F0
/a, plants
x

and the means of the Fp lines was 0.10 and nonsignificant.
This indicates that no association existed between pollen
stainability of the F9 plants and the mean pollen stain
ability of the Fp lines derived from them.

For example,

the two lines with the lowest means, 3 5 and 84, were derived
from Fp plants xvith 92 and SO percent pollen stainability.
Several other lines with low means were also derived from
Fp plants that had a high percentage of stainable pollen.
On the other hand lines number 36, 90, 1 and 23, which had
means, above 73 percent, were derived from Fp plants of 11,
12, 25 and 40 percent stainable pollen, respectively.
Although only nine Fp plants with 60 percent or lower
stainable pollen were progen}?- tested in Fp, the means of
the lines from these Fp plants ranged from a low of 45 per
cent for line 12 to a relatively high 86.4 percent for
line 62.

There was no apparent explanation for the lack

of association between pollen stainability of F 0 plants
and mean pollen stainabilitjr of Fp lines derived from them.
It should be pointed out, however, that despite the
lack of association between pollen stainability in Fp and
F^ for the entire population, there was one group of lines
in which close agreement occurred.
means of 66 percent or higher.

Fourteen Fp lines had

This group of highly fertile

f2 p l a n t s

Figure 3»

Scatter diagram showing the association
of percent pollen stainability between
71 ^2 plants and the Fo lines derived
from “them.
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lines were all derived from Fp plants which had a high
percentage of stainable pollen, ranging from 74 to 9$
percent.

Lines which probably were homozygous for normal

fertility appeared to be derived from Fp plants which had
normal pollen stainability.
The group of lines that were similar to the Fp in
behavior were derived from F0 plants having a higher percent
of stainable pollen than the mean of the linos, with one
exception.

Line 60 was from an

plant that had 50 percent

stainable pollen.
dome lines seemed to breed true for relative].'/ high,
normal fertility.

None of the lines bred true for sterility

or partial sterility.

All of the highly sterile and

partially sterile lines contained plants that had a high
degree of stainable pollen.
Apparently no association occurred between the means
of the F^ lines and the F9 plants from which the lines were
derived.

The correlation coefficient was 0.10 and nonsignificant.

The results obtained from the study of pollen stain
ability in the

did not reveal any genetic ratio that

could account for sterility through the segregation of genes.
As indicated earlier, sterility of the type found in
this study could perhaps be accounted for by some highly
involved genic explanation including such conditions as
duplicate or complementary genes, linkage and the assumption
of tetrasomic inheritance, such as those devised by Hsu (1945)
and Oka (1953a, 1953b, 1954, 1955, 1956),

However, the
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results do not provide positive evidence of such gene
behavior and a complex genic explanation would be highly
improbable.

It seems more likely that the sterility of

the type in this study is due to differences in chromosome
structure.

This condition, called cryptic structural

hybridity, can produce results similar to the results
obtained in this study.

Fertility as Measured by Seed Set
The percentage of seed set as an indication of
fertility was studied in the parents, F^_, Fp and F? gener
ations.

Panicles from parent and Fp plants,.grown in 1956,

were collected and the number of fertile and empty florets
was determined for each.
The results are presented in Table 3«

This table was

set up with seed set classes of 10 percent intervals.

A

frequency curve for the Fp population is shown in Figure 4»
The Brownhull parent had a mean seed set of 56.06
percent and the eight individual plants ranged from 0 to
96.2 percent.

The mean seed set of the Recessive 13 parent

was 46.6 percent with a range from 0 to 77*0 percent.

The

relatively low degree of seed set in the parents in 1956
*was apparently due to environmental influences.

One plant

of each parent grown in 1956 was classed as zero percent
soed set.

This was probably due to damage by stem borers.

However, the parental plants which did set seed had an
extremely wide range, with four plants below 50 percent
and three plants above 60 percent seed set.

This wide

environmental variation among plants of the parents was
reflected in very high coefficients of variation which
exceeded 60 percent.

Because of the extremely high degree

of variation among plants of the homozygous parents in
1956, due to influence of the environment, it is doubtful
that reliable conclusions can be drawn concerning genetic
56

Table 3.

Frequency distribution and statistical values for percentage seed
set in parents and 269 ?2 plants of the Brovnhull x Recessive 13 cross.

Number of plants in seed set clas598
Standard Coefficient
Population 0 1-10 11-20 21-30 31-to u -50 5:
1-60 61-70 71-80 81-90 91*^100 Kean Deviation of Variation
Brovmhull

1

Recessive
13

i

F2

18

1L
_

27

38

36

1

1

1

1

36

50

24

2

1

14

17

1

9

2

58.06

35.9

61.8

48.60

31.7

65.7

37.90

21.57

5o.9

\JR

-0

56

60

50

M E A N OF F

NUMBER

OF

PLANTS

40

30

20

10

0

Figure

Frequency curve for percentage of seed
set in 269 Fq plants of the Brovmhull x
Recessive 13 cross.
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variation among individual plants in the Fp generation
grown the same year.
The seed setting data for the

were obtained from

panicles supplied by Mr. Nelson ,E. Jodon of the Rice
Experiment Station, Crowley, Louisiana.
a total of 6,134 florets were counted.

From these panicles,
Of this number,

1,63^ contained seeds and 4,496 were empty florets.
fertility in the Fp, based on seed set when
Crowley, Louisiana in 1955 was

Thus,

grown at

26.7 percent.

The development of the F ? plants was extremely variable
in height, maturity and date of heading, and some plants
failed to head.

Only 269 plants produced seed heads.

these, 16 plants produced no seed whatsoever.

Of

The remaining

251 Fp plants had a mean seed set of 37*9 percent and ranged
from less than 10 to higher than 60 percent seed set.

In

fact, there was a continuous range in Fp from 0 to 90 percent.
Because of the high degree of variability within each
parent due to the effect of environment, reliable conclusions
concerning the cause of sterility could not be drawn from
the seed setting data in Fp.

It can be noted that the co

efficients of variation for both parents exceeded that of
the F0 .

Thus, all of the variation in Fp could have been

caused by environment though that is not probable,
The association between the two measures of fertility,
pollen stainability and seed set, in Fp is presented in
Figure 5*

The correlation coefficient of 0.16 between

pollen stainability and seed set was not significant.

This
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could be due to the fact that no association occurred
between the two characters but it is most probably due
to the lack of reliable data on seed setting in Fp,

However,

the lack of association between the two characters does
not necessarily mean that reductions in pollen stainability
and seed setting were not caused by the same phenomena.
Actually, there was close agreement between pollen stain
ability and seed setting in F-^.

As indicated earlier, Yao

(1956) reported 12.2 percent stainable pollen from F-^ plants
grown in the greenhouse in the winter of 1955-56 and the
writer found the percentage of seed set to be 26.7 on
plants grown at Crowley, Louisiana, in 1955*
Although the F^ showed only 26.7 percent fertility,
as measured by seed set, and the mean of the FQ population
was 37.9 percent, some

plants were completely fertile.

Forty F 0 plants had higher than 60 percent seed setting.
In Table /+ can be seen the frequenc}'- distribution of
the parents and plants in all of the F^ lines when grown
in 1957*

The mean, the standard deviation, the coefficient

of variation and the Fp plant values are given on the basis
of percent seed set.

In setting up this table, plants were

classified in 10 percent class intervals.
The means of the parents were considerably higher in
1957 than in 1956.

The mean of the Brownhull parent was

S3 .5 percent in seed set and the mean of the Recessive 13
parent was 79*1 percent.

The b5 plants of Brovmhull parent

ranged from the 11-20 percent class to the 91-100 percent

Table 4*

Frequency distribution and statistical values for the parents and 71 F3 line.'
of the Brovmhull x Recessive 13 cross in respect to seed set, in percent.

]\lumber- of plants in seed set classes
C.V.
Population 1-10 11-20 21-30 31-40 41-50 51-60 61--70 71-60 81-90 91-100 Mean
Brownhull
Recessive 1On
Line No.
84r
4
00
0s
36
0
51
5
8
2
1
56
n
85
Q
y
3
1
28
2
79
2
39
20
76 .
‘2
66
1
34
x
86
78
2
1
83
12
1
6?
3
60
2
61
3

■
X5
1
2
1 ■
3
2
3
1
1
2
i
1
2
1
2
2
2
2
i
3

1
1

“
xi

1
1

1
3
2
2
/•\

L
2
2

n
0
3
2
3
4
2
1
2
3
1
2
1
1
1
1
1

1

4

n/

3
3
rs\
1

12

11
S

63.5 19.50 23.3
79-1 14.87 18.8

1

24-7
25.3
25.4
27.4
28.5
28.7
29.0
29.7
32.6
33.2
33.5
36.3
36.6
38.9
40.3
42.4
42.8
43.8
43.9
45-6
46.0
47.6

l'
9
*
X1

3
2
2

.

5
3
1
2
2
3
2
3
.1
2
1

3
2
x
1
4
2
1
3
2
4
1
3

1
1
1
1
1
1
1
2
3
3
2
1
3
1

1
1
1

1
1

1
1
1
2

1

1

X
J

1
2
1
0
s
c •
y
4

1
3
1
4

3
3

7°

25
6

1
1
1
n
x

s

23.16
18.63
18.90
19.66
—y *J
18.20
20.55
25.82
19.30
22.41
27.55
27.70
25.20
18.59
21.10
24.40
IS. 60
24.95
26.90
28.60
30.85
35.80

93.7
73.7
74.4
71.8
16.7
63.4
70.8
66.9
58.0
67.5
82.2
7X3
65.2
17.7
53.1
57.5
43.4
56.9
61.2
62.7
67.0
75.2

Fa PI.
Yaiui

71.5
30.2
31.0
43.7
9.3
48.0
72.7
65.4
24.1
69.6
31.0
18.0
66.0
62.5
29.0
75.0
08.0
70.9
10.9
57.9
52.0
70.3
O'

Table 4.

Continued

Number of plants in seed set classes
Population 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-60 61-90 91-100 Mean
Line No.
3
12
31
33
2/1
63
37
50
25
19
2
30
23
45
47
49
1
54
64
97
43
29
53
86
72

1
1
1
1

1
2
1
2
1

1
4
1
1
1

1
2
1
1

1
1

1
1
1
1
1
l
1
3

1

1

1
1
1

3
1
5
5
2
5
1
4
r\
*
y
1
4
2
3
4
n
0
1
1
1
1
1

5
3
2
5
2
2

r
?

2
9
1
1
3
0
6
1
3
1
2
2
3
4
2

•o
X
1
2
*1
J
L
2
r
X-\
1
_L
'-r
1
2
3
8
1
1
3
3
2
1
3
3

2
2
1
2
1
O
x
1
3
1
2
o
2
2
4
1
1
1
1
2
3
3
1

i
1
i
3
n
j

3
1
1
1
1
1
2
3
2
2
2
1
O5
1
2
1
3
6
2
J

1
1
X
2
1
o
2
2
3
2
3
4
•o
o
2
3
1
1
X
3
1
o
9
3
2

i

1
1

1
1
2
2
3
1
1

3
2

2

48.2
48.2
43.6
51.8
53.0
53-2
54.1
54.1
56.4
51.6
55.0
55.2
57.3
57.4
58.2
53*3
58.7
59.7
60.7
62.8
63.1
61.0
64.7
65.0
65.5

*s

C.V .
’0

17-25
19.62
23.61
19.81
21. 80
20.10
21.3 o
19.63
22.57
25.95
25.25
31.05
33.60
20.60
20.83
13.78
22.15
19.12
16,30
32.50
22.31
20.37
16.70
12.70
22.70

35 (
40 I
13 5
38 3
H I
37 7
45/■ 0
;>o 2
ii 4
47
s
45 o
56 2
58 6
35 b
35 8
23 r~p£
37 /
32 0r
27 b
51 7
35 3
31 6
25 g
19 5
34 6^

r~!

Fp Plant
V alue
25-6
36.0
27.0
28.0
20. o
54.9
3 2.0
12.0
21.5
17.7
13.2
26.3
20.4
39.5
40.5
41.3
4-7
46.0
55.0
35.8
36.9
25.0
45.0
76.0
62.2
SOaN
J

Table 4,

Continued

Humber of plants in seed set cla
Population 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-60 81-90 91-100 Mean
Line Ho.
46
80
87
74
89
82
4
99
41
90
91
93
94
61
65
95
100

62
69
96
92
40
98
66

1
1

i

1
1

1

1
2
-i
0
1
i
1
1

o
1
2

s

1
1
1
2

O

1

2
-n

1

1 ‘
1

3
5
n
_L

3

1

1

2
3

2
1
1

3
2
1
1
2
1

2

l

J.

1
1
1

9
y~

r-

s

/

0
9
>
4
4
/■

0

1

n
_L

s

s

O

3
3
1
3
2
1
2
2
2
9

1
1

0

1
/->
/
3
P
2
3
7
3
£
O

2
5
5
/i

6

2
os

4

1
2
l_

/t

2
5
4
1
2

j_

2
1
9
J

2

r-

sn

2
1
2

9
j
5
4
2
3
5
/,
'T
4

10
4

1
2
1
2
7

s’

4
1
2
2
2
2
r~

2

66.3
66.9
67.4
68.8
6 8.8
69.0
69-3
69.3
70.1
70.2
70.3
7 0.6
70 .6
71.3
72.1
72.4
75 .2
75.4
76.4
78.3
7 8.8
81.0
85.1
86.2

s
14.68
19.15
25.10
18,10
13.70
22.90
19-60
22.11
26.70
16 .40
16.60
15.20
1 7 .10
17.00
22.70
21.50
7 .88
18.25
8 .90
12.55
1 0 .30
8.35
6 .57
7.75

C.V.
6
22.1

28.6
3 7 .2
26.3
19-9
33 .1
2 8.2
3 1.9
38.0
23.3
23 .6
21.5
24.2
23 • 8
3 1 .4
29.6
1 0.4
2 4.2
11.6
16.0
I 6.4
10.3
7 .7
8 .9

? 2 Plant

Value
40.0
70.0
nc
/O . Uc?
64.0
79.0
7 0.4
14.1
8 9 .4
35.5
7 9.7
8 0.0
8 2.1
84,6
5 3.0
56.0

84.6
90.0
53*5

60.0
66 .6

82.0
35.0
8 6.0
57.5

cr-

65
class.

However, 36 plants, or 80 percent, of this parent

were above 80 percent in fertility.

The 35 plants of

the Recessive 13 parent ranged from the 21-30 percent
class to the 91-100 percent class, according to the per
centage of seed set.

Fourteen plants of the Recessive 13

parent were above 80 percent in fertility.

When all plants

of both parents that were above 60 percent fertility were
combined, they constituted

o£>

percent of the plants of

Brownhull and 96 percent of the plants of Recessive 13.
The mean of the Brovmhull parent was slightly higher than
the mean of Recessive 13*

However, the coefficient of

variation of the Brovmhull parent was approximately 5 per
cent higher than that of the Recessive 13.
was probably due to chance.

This difference

Even though the plants of the

parents were quite variable in percentage seed set when
grown in 1957, and also subject to considerable environ
mental influences, they were not as variable in 1957 as in
1956.

The means of both parents were higher and the co

efficients of variation were lower.
the behavior of

However, in interpreting

lines it should be kept in mind that con

siderable variation among individual plants in seed setting
may be caused by environment alone.

The occurrence of

plants within lines with low percentages of seed setting
does not indicate necessarily that these plants are sterile
because of genetic conditions.

Furthermore, the behavior

of the parents in respect to seed setting indicates that the
seed setting data for

lines was not as reliable for

66

drawing conclusions concerning sterilitjr as that presented
and discussed previously for pollen stainability.

The

data for seed setting must be interpreted in more general
terms than the pollen stainability results.
Table 6 shoxvs the range of the means of the F^ lines
in increasing order.

It can be seen that the means varied

from 24.7 percent to 66.2 percent based on the percentage
of seed set.

The variation among the line means was con

tinuous from the lowest to the highest values.
Approximat ely 96 percent of the F_, lines had means
lower than the parents.

Only 3 lines out of 71 had means

as high or higher than the Recessive 13 parent and only 2
lines had means equal to or higher than the mean of the
Brownhull parent.

Thirty-nine lines had means below 60 per

cent fertility, 29 lines had means between 60 and 60 percent,
and 3 lines had means above 6'0 percent.
In Figure 6 can be seen the frequency curve for the
means of the F0 lines.

The mode of the

between the 50 and 70 percent class.
of the

line means was

In fact, 41 percent

lines fell between 50 and 70 percent fertility.

Tho frequency curve makes an abrupt departure from
normality on the low extreme, but was not considered bimodal
because of the small number of lines that were in the lowest
frequency class.

There were no lines in the aero percent

class for seed setting.

In fact, none of the plants was

completely sterile in 1957*

16

NUMBER

OF

LIN E S
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21-30

-A.

-A.

31-40

41-50

51-60

61-70

71-80

81-90

91-100

CLASS INTERVALS

Figure 6.

Frequency curve for the F^ lines in class intervals for mean
percent seed set.
*
On

Apparentl}/' none of the F-^ lines having any appreciable
degree of partial sterility bred true.

The line with the

lowest mean of 2/+. 7 contained one plant that had 74 percent
seed set.

All lines, even those with the lowest mean

fertility, contained plants with higher than 50 percent
fertility,

Furthermore, there was a tendency for the lines

with low mean seed set to have very high coefficients of
variation.

Examples; of this are lines 34, 35 , and 3b with

coefficients of variation of 93*7, 73*7 and 74*4, respective].
This tendency parallels the
results.

pollen stainability

The partially sterile lines with low mean percent

stainable pollen also had high coefficients of variation.
The negative relationship between the coefficients of
variation and the means of the F-, lines and the fact that
o
all partially sterile lines contained highly fertile plants
both for pollen stainability and seed setting indicate that
no partially sterile line was homozygous for any degree of
sterility.

This was one of the few distinct, consistent

principles discovered in the experiments.
The failure to find any lines which bred true for any
degree of partial sterility indicates that a complete
association existed between sterility and the heterozygous
condition, either for genes affecting fertility or for
structural differences in the chromosomes.

Though not

proof, this is strong evidence that the sterility is
chromosomal in nature.

Most chromosome aberrations of the

type that could cause the sterility involved only have this

effect in the heterozygous condition while genes causing
sterility usually cause that effect only when homozygous.
Practically all

lines contained plants of low

fertility and high fertility.

Only six lines contained no

plants below 50 percent in fertility, line 100, 69* 92, 40,
98 and 66,

All plants in lines 98 and 66 were above 70

percent in fertility.

In fact, 12 plants of line 98 and

9 plants of line 66 were above 80 percent in fertility.
These two lines and probably line 40 with only one plant
below 70 percent were probably breeding true for normal
fertility.

The coefficients of variation of these lines

were 10.3, 8.9 and 7.7 percent for line 40, 66 and 98,
respectively.

Thirteen lines did not contain any plants

as high as 81 percent in fertility.

Even though certain

lines appeared somewhat sterile they still contained some
plants that were relatively fertile.

Thus, it seems possibl

to get a completely fertile plant from a relatively sterile
line.

If seed setting at 60 percent or higher is considered

fertile, there were many relatively fertile

lines that

also contained some highly sterile plants.
No particular significance can be attached to the fact
that all lines contained plants with low fertility since
the parents behaved in that manner.

However, the fact that

highly fertile plants occurred in all lines is of some
significance.

Unfavorable environment could cause a genetic

ally fertile line to produce some sterile plants but
favorable environment could not cause a genetically sterile

70
plant to be highly fertile.
Because of the very striking continuity in the
variation of the means of the

lines and also the

extreme influence of the environment on the parents and
lines, no grouping of lines for seed setting was attempted.
However, there were some lines that appeared to be
homozygous for normal fertility.

Lines 40, 93 and 66 with

means equal to or higher than the parents and with co
efficients of variation lower than the parents were con
sidered to be homozygous for normal fertility.

Five other

lines, 92, 96, 69, 62 and 100 had coefficients of variation
lower than the parents although their means were somewhat
lower than those of the parents.

These lines also were

probably homozygous for normal fertility.

Besides these 3

lines which appeared to be definitely or probably homozygous
for normal fertility, it is possible that other lines such
as 61, 93, 91 and 90 bred true for normal fertility despite
their lower means than the parents.

Many lines contained

late heading plants which may have had lower fertility than
the parents although not genetically partially sterile.
Thus, it appears from the data in Table 4 that several lines
breeding true for normal degree of seed setting were
obtained.

This is in agreement with the conclusions from

the pollen stainability results that lines homozygous for
normal fortuity occurred in the F^ population.
The relationship between percentage.of seed set in 71
F0 plants and means of F^ lines derived from them is shown

■ 71
in the form of a scatter diagram in Figure 7.

The

correlation coefficient between these two variables was
0.33, a highly significant value,

However, the association

was not close despite the significant correlation, indica
ting only moderate agreement between Fp and

.

This fact

is illustrated by the wide scatter of dots in Figure 7.

F^

lines with means above 60 percent were derived from F0
plants that varied from less than 20 to almost 90 percent.
The same disagreement occurred for the lines of low mean
fertility.
A possible cause for absence of a close association .
between Fp values and means of F^ lines for seed setting
was the strong environmental effect on the Fp, discussed
earlier.

However, this will not account for the highly

sterile lines which came from

plants with 70 to 00 percent

seed setting.
The

data on seed, setting may be summarised as

follows:
1,

A complete and continuous range in the means
of the F^ lines was evident.

2,

There was a negative association between the
mean of the line and the coefficient of variation.

3,

Apparently none of the partially sterile F^
lines bred true.

4,

All lines contained one or more highly fertile
plants.

3.

Some of the F^ lines were homozygous for normal
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and eeed retting wore in general agreement in most of the
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To account for all of the results

obtained by the presence of genes which determine fertility
would roan ire such an extremely complicated hyooeliesis that
if would bo an improbable oxplanution.
re cult

.however, all of tine

could bo accounted tor in a logical manner by che

e:eai;npfion that the sterility was caused by structural
difforences in the chromosomes of the two parental varieties
as proposed by fao (195b) ♦

-5ho suggested that the structural

clifforenc os were included typos of inversions that cannot
be detected in ordinary eytologioal studios of moiosis.
Thus,

the results of thi:

study cannot bo c o n s i d e r e d

as u r o v i d i )is; proof for eit h e r h y p o t h e s i s but a p p e a r to be
more

f a vorable to th e

c h romosome e x p l a n a t i o n in all phases,

Association between Pollen Stainability and Seed Setting
As indicated earlier, two methods of expressing
fertility of plants were adopted and investigated in the
experiments, the percentage of pollen grains which stained
in a solution of iodine and potassium iodide and the per
centage of florets which set seed.

Although the F-^ was very

low in respect to both measures of fertility, the two are
not necessarily controlled by the same mechanism and
reductions in both may not be due to the same cause or
causes.

The degree of association between the two measures

of fertility in the segregating F2 and F^ generations
should provide information concerning the relationship
between pollen stainability and seed .setting.
It was pointed out in a previous section that the
correlation between stainable pollen and seed setting in
Fp was low and nonsignificant.

However, this nonsignificant

correlation does not necessarily mean that no association
occurred between the two variables as it may have been
caused by the extremely high environmental variation which
affected seed setting of Fp plants and led to unreliable
results for that variable.
The F^ data should provide more reliable information
since it is based on means of lines rather than on single
plants.

The correlation coefficient between pollen stain

ability and seed setting for means of F^ lines was 0.39,
a highly significant value.
74

This correlation coefficient

7 ;

indicator an association between the two criteria of
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..nao’o vaaa no oviaonco 01 nor’"'' chan one n o d a l oaoor ana
no da iain.ita ratio waia obtained in Id,,
a vary wide ran on occurred. aioonp tho partially ntsrilo
pJ.ant a m

id., 'with approaioiotol'" onuol unifo a n

of Til.ant;

in each of id ay yiart inlf a' atari].o olanaeo,
il appoara

dron ti : re null; a obtained in P-, noncerninv
1.0

81

pollen

1;ainabi 1 ity that :vhorilify (ill not behave '.10

a typical a wnJri.pa t;imr on quantitative character.
9.

Tim rammr of the F„ liner; rantet eonf inu.ourly fron 85. j
)
no.'.-cent to
r

10.

pore out rCainab.Le pollen,

lino:; had a mean an low an the F .
1

Apparently no annociation occurred between the in0 arm of
the

..9, lino■■ and the f . plant a iron which the ].inen viev
^
,'L

derived for pollen
11.

none ox the

atninnb.il it \r,

.o,n. finer xippcnrod to orcoo. da:'
corral fertility.

for 'point iroly jiiyh ,

iioiveyor, none of tho linen bred erne

for any deyree of partial otorilily.

All of the hiehly

drjcilo and 'pr.rr j.ally rfori.fr liner contained. plant:;
that tad a. hiyh porcorrbire of otainablo pollen,
Anon a trio

0*
.

d

riner,

'

itr/o 'wonpr or oirirro; coirn be

‘

.ro’oopnirod :

r.

Oneyrour hud a low noon percent;ay0 of
aPle potion,

a carpi firoououcy of pla.ntn with

.i.O'n n o v c'.ontaye of nfainnb.i.o
one
b,

rtain-

pollen end only

or fro ml ant n of normal fertility,

A record yroup of linen laid

moan:; that were

intermediate for fertility.

0,

Tho third yroup of linen were similar in
behavior to the i1o .

d,

A fourth yroup of liner had hiyh mean fertility
with a majority of !;no plant:; within each lino

in tho niyhJ.y fertile claanon, hut havinr two
or three plants in the mode rat el v fertile clam:;

and no high l y sterile plants •
o.

Tho

Fifth pro up appeared ho brood true Tor

normal pollen stainability',
13

. In respect to p 0 o ’ent.:.ir,
'
je oC florets containinp seed,
the parents

showed considerably more variations amonp

plant;'.: than lor pollen

at-uinability.

In fetch, some

pi.ant a of both parents ye re completely or hiphly sterile.
This indicates that a. hi oh boproe of plant-to~plunt
vuri ■ip Ton in ,’
.cod sofhlno w u c a w . u»d 1w

cvr/i roam on t-.

-l/'i-. 3,’h 7' percantapo o.f rood e;et in h-, was 2b . 7 on plants
proven at Orov/lop, Louisiana,
if,

The

in 1955.

showed rt vd.de and continoons ranpo in coed

softinp from 0 ho 90 porcont.

bc'causo of tho e'ti’o n 1'

off oof- of orvironmonh on p m ’oneei.L plants,

no conclusions

could bo drawn concorni.np the behavior of the

Lb-,

TV)]vuluhd..on .
J.h>«

In 19579
13.5

when fee F-, was p r o w n , tho parents avoraped

ana 79.1 in percent

seen! sottinp.

There worn a,pain

v/idc variation anion,p plant.s of each parent clue to
arrrLronrmrnt, with. some p].anta luavinp no mo;ce than 30
percent of seed sottinp.
17,

Amonp the means of if lines for 3 cod sottinp,
continuous;

ran rye occurred from a low of 2L.7 ho a

hiph of b o . 2 percent,
ability,

a

As was true for pollen ctain-

there was a stronp tendency for lines with

low mean;.; to have bipb

coofficionts of v ariation and

all p artially sterile lines contained one or more

o3

plants with normal seed sett ins,

Thu.;;, it appeared

that none of the partially sterile line;; bred t r u e ,
A l s o , .several line;.; appeared to bo honiosyyous for

.norma], seed sett inp.
The results did not establish conelusively the cause
of sterility.

However,

any gcnic explanation to account

for the results would be so extremely complex that it
would be highly i m p r o b a b l e .

It was concluded, that the

results run be accounted for more

readily bv assuming

tilat tiie sterility was caused by structural differences
in chromosome;:; of the parent varieties.
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